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(67)  Disclosed is a combustion chamber of a diesel
engine provided with a bowl having a concave shape so
thatfuelinjected from aninjector creates a swirl or squish-
ing flow to be mixed with air, and the combustion chamber
of the diesel engine includes: a pip protruding from a
center of a lower surface of the bowl toward the injector;
alip part protruding from a side surface of the bowl toward

Combustion chamber of direct injection diesel engine for reducing the nox

the injector; and a main combustion chamber provided
on a lower portion of the lip part and a sub combustion
chamber provided on an upper portion of the lip part, with
the lip part interposed therebetween, in which a surface
of the sub combustion chamber is formed in a flat shape
or a concave bowl shape to have a depth of the sub com-
bustion chamber of 0.8 mm or lower.

FIG. 2
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Description

TECHNICAL FIELD

[0001] The present invention relates to a combustion
chamber of a direct injection diesel engine, and more
particularly, to a combustion chamber of a diesel engine
for improving mixing performance of fuel and air by op-
timizing a shape of the combustion chamber of the diesel
engine and reinforcing a squishing or swirl flow inside
the combustion chamber.

BACKGROUND

[0002] In general, a gasoline engine has a principle
that air and fuel are uniformly mixed before initiation of
combustion, and then are ignited through an ignition plug
to be combusted, and a diesel engine has a principle that
air is only taken in and is compressed with a high com-
pressionratio, and then fuel is injected to the compressed
air at a high pressure, thereby reaching auto-ignition
combustion.

[0003] Especially, a general diesel engine mainly
adopts a method of combusting fuel by mixing the fuel
and air well by making fuel injected from an injector swirl
in a combustion chamber (bowl) provided at a piston.
[0004] The combustion chamber of the diesel engine
needs to be designed so as to maintain low smoke and
a state where smoke is not worsened even at a delay of
an injection time. That is, the combustion chamber of the
diesel engine needs to facilitate formation of air-fuel mix-
ture by making injected fuel collide with a wall surface of
the combustion chamber, maintain a swirl flow inside the
combustion chamber, suppress a flow of fuel vapor to a
squish region formed between a piston and a cylinder
head, and stimulate an air flow.

[0005] The diesel engine exhibits engine performance
by injecting fuel into the combustion chamber at an ap-
propriate time and mixing the injected fuel and intake air
to facilitate combustion. In this case, the injection of the
fuel is started at an end stage of a compression stroke,
the fuel is mixed with air by the swirl flow inside the com-
bustion chamber from the end stage of the compression
stroke to an initial stage of an explosion stroke to be com-
busted, and then non-combusted smoke is mixed with
air at a top portion of the piston by the squish flow to be
further combusted, thereby suppressing a smoke gener-
ation.

[0006] Accordingly, in order to improve engine per-
formance and solve exhaust gas, the diesel engine needs
to make the combustion chamber have an optimized
shape so as to realize optimal mixing of air and fuel inside
the combustion chamber.

[0007] FIG. 1is across-sectional view of a combustion
chamber of a diesel engine in the related art, and the
diesel engine is provided with a combustion chamber 2
shaped like a bowl enabling fuel injected from an injector
3 to swirl and squish at an upper portion of a piston 1.
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[0008] The piston 1 vertically moves while sliding
against an inner circumferential surface of a cylinder
block to compress or expand air inside the combustion
chamber 2, and simultaneously the fuel injected from the
injector 3 is mixed with the air.

[0009] Accordingly, when high pressure fuel is injected
from the injector 3 in a state where the intake air through
an intake portis compressed by an ascending movement
of the piston 1, the fuel injected from the injector 3 is
mixed with the air forming turbulence while creating a
swirl in the combustion chamber provided on an upper
surface of the piston 1.

[0010] However, the combustion chamber of the diesel
engine has a problem in that swirl intensity is decreased
under a condition in which the combustion chamber is
operated in a low-speed operation region, such that en-
gine performance deteriorates and particulate matters
(PM) and nitrogen oxide (NOx) are increased as well in
an aspect of exhaust gas.

[0011] In order to solve the problem, an effort, such as
a height of the injector (fuel injection nozzle) may be ad-
justed, or a shape of the combustion chamber is formed
to have aradial shape as can be seenin apiston structure
of a diesel engine of Korean Patent Application Laid-
Open No. 10-2005-0036098, has been made.

[0012] However, the combustion chamber of the diesel
engine has a problem in that mixing of the fuel and the
air is not smooth, causing flow stagnation, and combus-
tion concentration is generated due to the flow stagna-
tion, such that a temperature is partially increased, there-
by increasing nitrogen oxide.

SUMMARY

[0013] An exemplary embodiment of the present in-
vention has been made in an effort to enable fuel injected
from an injector to evenly swirl or squish inside the com-
bustion chamber by optimizing a shape of the combustion
chamber.

[0014] An exemplary embodiment of the present in-
vention provides a combustion chamber of a direct injec-
tion diesel engine including: a pip protruding from a center
of a lower surface of the bowl toward the injector; a lip
part protruding from a side surface of the bowl toward
the injector; and a main combustion chamber provided
on a lower portion of the lip part and a sub combustion
chamber provided on an upper portion of the lip part with
the lip part interposed therebetween, in which a surface
of the sub combustion chamber is formed in a concave
bowl shape to have a depth of the sub combustion cham-
ber of 1.0 mm or lower.

[0015] The depth of the sub combustion chamber may
be equal to or lower than 0.8 mm.

[0016] The depth of the sub combustion chamber may
be 0.2 mm to 0.8 mm.

[0017] The depth of the sub combustion chamber may
be 0.1 mm to 0.2 mm.

[0018] A diameter of the lip part may be smaller than
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a maximum diameter of the main combustion chamber,
and the maximum diameter of the main combustion
chamber may be smaller than a diameter of an entrance
of the combustion chamber.

[0019] A ratio of a lip curvature center depth of the lip
part to a combustion chamber maximum depth of the
main combustion chamber may be 2.2 to 2.8.

[0020] The injector may be provided with a plurality of
injection holes, and an angle between a fuel jet injected
from the injection holes and a horizontal surface of a cyl-
inder head may be 10° to 30°.

[0021] Another exemplary embodiment of the present
invention provides a combustion chamber of a direct in-
jection diesel engine including: a pip protruding from a
center of a lower surface of the bowl toward the injector;
a lip part protruding from a side surface of a bowl toward
an injector; and a main combustion chamber provided
on a lower portion of the lip part and a sub combustion
chamber provided on an upper portion of the lip part with
the lip part interposed therebetween, in which a surface
of the sub combustion chamber is formed to have a flat
shape, so that a highest surface of the sub combustion
chamber and a lowest surface of the sub combustion
chamber are equal to each other.

[0022] Accordingtothe exemplary embodiments ofthe
present invention, first, it is possible to improve mixing
performance of fuel and air with a simple configuration,
compared to the related art. Second, it is possible to im-
prove engine efficiency and reduce a generation of nitro-
gen oxide (NOx) by improving mixing performance of fuel
and air.

[0023] The foregoing summary is illustrative only and
is not intended to be in any way limiting. In addition to
the illustrative aspects, embodiments, and features de-
scribed above, further aspects, embodiments, and fea-
tures will become apparent by reference to the drawings
and the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG. 1is across-sectional view of a combustion
chamber of a direct injection diesel engine according to
the related art.

[0025] FIG. 2is across-sectional view of a combustion
chamber of a direct injection diesel engine according to
an exemplary embodiment of the present invention.
[0026] FIG. 3 is an explanatory diagram for the com-
bustion chamber and a sub combustion chamber of the
direct injection diesel engine according to an exemplary
embodiment of the present invention.

[0027] FIGS. 4A and 4B are explanatory diagrams for
a variation amount of NOx according to a depth of the
sub combustion chamber.

[0028] FIGS. 5A and 5B are a chart and a graph for a
variation amount of NOx according to a depth of the sub
combustion chamber.
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DETAILED DESCRIPTION

[0029] In the following detailed description, reference
is made to the accompanying drawing, which form a part
hereof. The illustrative embodiments described in the de-
tailed description, drawing, and claims are not meant to
be limiting. Other embodiments may be utilized, and oth-
er changes may be made, without departing from the
spirit or scope of the subject matter presented here.
[0030] Hereinafter, a combustion chamber of a diesel
engine according to an exemplary embodiment of the
present invention will be described in detail with refer-
ence to the accompanying drawings so as to be easily
carried out by a person of ordinarily skill in the art. The
present invention is not limited to the exemplary embod-
iments, and may be implemented into a plurality of dif-
ferent forms.

[0031] A partirrelevant to the description will be omit-
ted to clearly describe the present invention, and the
same or similar elements will be designated by the same
reference numerals throughout the specification.

[0032] FIG. 2 illustrates a cross-section of a combus-
tion chamber of a diesel engine according to an exem-
plary embodiment of the present invention. As illustrated
in FIG. 2, the combustion chamber of the diesel engine
is provided with an intake port (not illustrated) through
which air flows in, and an exhaust port (not illustrated)
for discharging exhaust gas, and an injector 10 for inject-
ing fuel is provided at a center portion of an upper side
of the combustion chamber, and the injector 10 is com-
monly provided with 5 to 6 injection holes so that the fuel
may be injected in all directions.

[0033] A piston 30 for compressing air is installed in
the combustion chamber, and a main combustion cham-
ber 50 and a sub combustion chamber 60 shaped like a
bowl are provided on an upper surface of the piston 30
so that the fuel injected from the injector 10 swirls and
squishes.

[0034] Thatis, when high pressure fuelis injected from
the injector 10 in a state where the air taken in through
the intake port (not illustrated) is compressed by an as-
cending of the piston 30, the fuel injected from the injector
10 forms turbulence while creating a swirl in the main
combustion chamber 50 and the sub combustion cham-
ber 60 provided on the upper surface of the piston 30 so
as to be mixed with the air.

[0035] Further, a pip 57 is formed at a center portion
of the upper surface of the piston 30, and the pip 57 pro-
trudes from the upper surface of the piston 30 toward the
injector 10 as illustrated in FIG. 2.

[0036] Since an upper end surface of the pip 57 is
formedto be lowerthan an upperend surface of the piston
30, a combustion chamber provided between the pip 57
and a lower surface of a cylinder head is provided to have
a smaller depth than that of a combustion chamber
formed by another upper end surface of the piston 30.
[0037] The combustion chamber is provided to have a
bowl shape, in such a manner that the combustion cham-
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ber may be divided into the main combustion chamber
50 surrounding the pip 57 and the sub combustion cham-
ber 60 surrounding the main combustion chamber 50.
[0038] Alip part55 is provided between the main com-
bustion chamber 50 and the sub combustion chamber
60, and the lip part 55 protrudes toward the center portion
of the combustion chamber and the injector 10 to divide
the combustion chamber into the main combustion cham-
ber 50 and the sub combustion chamber 60.

[0039] The sub combustion chamber 60 may secure
uniform symmetry by forming an entrance of the sub com-
bustion chamber 60 to have a circular shape or an ellip-
soidal shape, so that an eccentric load for the piston may
also be resolved.

[0040] The lip part 55 may be provided at the same
height as that of the pip 57, and may have a plurality of
protrusions if necessary. Further, the lip part 55 may be
provided to have a shape corresponding to an injection
form of a fuel jet 13 so as to make the fuel injected from
the injector 10 swirl, or the shape of the protrusions may
be variously changed so as to distribute the amount of
fuel injected from the injector 10 differently to each of the
main combustion chamber 50 and the sub combustion
chamber 60.

[0041] The fuel jet 13 injected from the injector 10 first
collides with the lip part 55 and the fuel colliding with the
lip part 55 flows in the main combustion chamber 50 and
the sub combustion chamber 60, so that the air and the
fuel inside the combustion chamber may be evenly
mixed.

[0042] A direction of the plurality of injection holes pro-
vided at the end portion of the injector 10 may be adjusted
so that the fuel is injected toward the lip part 55. Diame-
ters and injected flow rates of the injection holes may be
different from each other.

[0043] The injector 10 has the plurality of injection
holes, and an angle A between the fuel jet 13 injected
from the injection holes and a horizontal surface of the
cylinder head may be 10° to 30°.

[0044] Further, the injector 10 may be provided to be
vertically movable, so that a flow direction of the fuel in-
jected from the injection hole may be adjusted, and an
injection direction of the injection hole may be variously
changed so that the fuel jet 13 and the lip part 55 effec-
tively collide with each other, and thus the injected fuel
swirls and squishes.

[0045] Further, a needle valve (not illustrated) is pro-
vided inside the injector 10, and thus aflow path isopened
and closed by a vertical sliding movement of the needle
valve, so that spray of the fuel and a stop of spray of the
fuel from the injection holes may also be executed.
[0046] FIG. 3 is for the purpose of describing the com-
bustion chamber of the direct injection diesel engine ac-
cording to an exemplary embodiment of the present in-
vention, and hereinafter, a shape and a size of the con-
figuration of each combustion chamber will be described
below.

[0047] A diameter of the lip part of the combustion
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chamber formed by the lip part 55 is referred to as D1, a
main combustion chamber maximum diameter formed
by the main combustion chamber 50 is referred to as D2,
and a combustion chamber entrance diameter is referred
to as D3. Further, a lip depth from the entrance of the
combustion chamber to the lip part is referred to as H1,
and a combustion chamber maximum depth is referred
to as H2.

[0048] Accordingly, as illustrated in FIG. 3, the com-
bustion chamber of the diesel engine according to an
exemplary embodiment of the present invention has a
relationship of D3 > D2 > and D1, and a relationship of
H2 > H1, and sizes of D1, D2, D3, H1, and H2 may be
variously modified and worked according to a selection
if necessary.

[0049] Further, aratio H2/H1 of the lip curvature center
depth H1 of the lip part 55 to the combustion chamber
maximum depth H2 of the main combustion chamber 50
may be 2.2 to 2.8.

[0050] The sub combustion chamber 60 is discriminat-
ed from the main combustion chamber 50 by the lip part
55, and the sub combustion chamber 60 may be provided
in a concave bowl shape similar to the main combustion
chamber 50, and may be providedin a plane if necessary.
[0051] Thatis, in order to form the surface of the sub
combustion chamber 60 to have a flat shape, a highest
surface 63 of the sub combustion chamber and a lowest
surface 61 of the sub combustion chamber need to be
equally provided.

[0052] In a case where the sub combustion chamber
60 is provided in the bowl shape, a depth of the sub com-
bustion chamber is referred to as Th, and the depth Th
of the sub combustion chamber may be equal to or lower
than 1 mm.

[0053] As illustrated in FIG. 3, the depth Th of the sub
combustion chamber refers to a distance between a tan-
gent line connecting the concave portions of the lip part
55 and a lowest bottom surface of the sub combustion
chamber 60 at a point at which the sub combustion cham-
ber 60 meets the upper surface of the piston.

[0054] A size between the lowest surface 61 of the sub
combustion chamber and the highest surface 63 of the
sub combustion chamber may be equal to or lower than
0.8 mm so that the depth Th of the sub combustion cham-
ber has a depth equal to or lower than 0.8 mm. Further,
the depth Th of the sub combustion chamber may be 0.2
mm to 0.8 mm. In addition, the depth Th of the sub com-
bustion chamber may be 0.1 mm to 0.2 mm if necessary.
[0055] Further, the surface of the sub combustion
chamber 60 is formed to have a flat shape, so that the
highest surface 63 of the sub combustion chamber and
the lowest surface 61 of the sub combustion chamber
may be equally provided.

[0056] Further, in a case where it is impossible to
measure the depth Th of the sub combustion chamber
60, thatis, a structure in which the sub combustion cham-
ber 60 does not have the bowl shape, but has a convex
shape toward the center portion of the combustion cham-
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ber, the sub combustion chamber may be provided to
have the shape of the combustion chamber in the related
art. The shape of the combustion chamber in the related
art has a problem in that the mixing of the air and the fuel
is incomplete, such that a large amount of exhaust gas
is discharged.

[0057] Asdescribed above, an effect of decreasing the
amount of generated nitrogen oxide achieved by improv-
ing the mixing performance of the air and the fuel by
optimizing the depth of the sub combustion chamber 60
and thus evenly performing the combustion can be seen
from FIGS. 4A and 4B representing a result of an exper-
iment by the applicant.

[0058] FIG. 4A illustrates the amount of generated ni-
trogen oxide in a case where the depth of the sub com-
bustion chamber 60 is set to 1.2 mm, and referring to a
portion with a dotted line, that is, the sub combustion
chamber 60, it can be seen that combustion is concen-
trated due to flow stagnation of the fuel and the air, and
thus a temperature is increased, thereby increasing the
amount of generated nitrogen oxide.

[0059] On the contrary, FIG. 4B illustrates a case
where the depth of the sub combustion chamber 60 is
setto 0.5 mm, and it can be seen that the air and the fuel
is mixed well in a part with a dotted line, that is, the sub
combustion chamber 60, so thatthe combustionis evenly
generated and thus the amount of generated nitrogen
oxide is noticeably decreased.

[0060] FIGS. 5A and 5B express result values of the
experiment as a table and a graph. Referring to the chart
of FIG. 5A, it can be seen that when the depth of the sub
combustion chamber 60 is decreased from 1 mm, the
amount of generated nitrogen oxide is also decreased.

[0061] Further, it can be seen that there is no change
in the amount of generated nitrogen oxide from the mo-
ment at which the depth of the sub combustion chamber
is 0.2 mm during the decrease in the depth of the sub
combustion chamber from 1 mm. Accordingly, when the
depth of the sub combustion chamber 60 is 0.2 mm, the
optimum effect may be achieved.

[0062] As illustrated in FIG. 5B, it can be seen that a
relationship between the depth of the sub combustion
chamber and the amount of generated nitrogen oxide is
an inverse proportion, and an inclination of the graph
representing a degree of a decrease in the nitrogen oxide
is sharply increased when the depth of the sub combus-
tion chamber is larger than 1.2 mm.

[0063] Further, it can be seen that the degree of de-
crease in the nitrogen oxide is almost uniformly de-
creased in a section between the depth of 0.8 mm to 0.2
mm of the sub combustion chamber. However, in view
of the fact that there is no change in the amount of gen-
erated nitrogen oxide when the depth of the sub com-
bustion chamber is equal to or lower than 0.2 mm, it can
be seen that the depth of the sub combustion chamber
equal to or lower than 0.2 mm is not associated with the
amount of generated nitrogen oxide.

[0064] An exemplary embodiment of the present in-
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vention may be used in a combustion chamber of a diesel
engine for improving mixing performance of fuel and air
by optimizing a shape of the combustion chamber of the
diesel engine.

[0065] From the foregoing, it will be appreciated that
various embodiments of the present invention have been
described herein for purposes of illustration, and that var-
ious modifications may be made without departing from
the scope and spirit of the presentinvention. Accordingly,
the various embodiments disclosed herein are notintend-
ed to be limiting, with the true scope and spirit being in-
dicated by the following claims.

Claims

1. A combustion chamber of a diesel engine provided
with a bowl having a concave shape so that fuel in-
jected from an injector is mixed with air, the combus-
tion chamber comprising:

a pip protruding from a center of a lower surface
of the bowl toward the injector;

a lip part protruding from a side surface of the
bowl toward the injector; and

amain combustion chamber provided on alower
portion of the lip part and a sub combustion
chamber provided on an upper portion of the lip
part, with the lip part interposed therebetween,
wherein a surface of the sub combustion cham-
ber is formed in a concave bowl shape to have
a depth of the sub combustion chamber of 1.0
mm or lower.

2. The combustion chamber of claim 1, wherein the
depth of the sub combustion chamber is equal to or
lower than 0.8 mm.

3. The combustion chamber of claim 1, wherein the
depth of the sub combustion chamber is 0.2 mm to
0.8 mm.

4. The combustion chamber of claim 1, wherein a di-
ameter of the lip part is smaller than a maximum
diameter of the main combustion chamber, and the
maximum diameter of the main combustion chamber
is smaller than a diameter of an entrance of the com-
bustion chamber.

5. The combustion chamber of claim 1, wherein a ratio
of a lip curvature center depth of the lip part to a
combustion chamber maximum depth of the main
combustion chamber is 2.2 to 2.8.

6. The combustion chamber of claim 6, wherein the in-
jector is provided with a plurality of injection holes,
and an angle between a fuel jet injected from the
injection holes and a horizontal surface of a cylinder
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head is 10° to 30°.

The combustion chamber of claim 1, wherein the
depth of the sub combustion chamber is 0.1 mm to
0.2 mm. 5

A combustion chamber of a diesel engine provided
with a bowl having a concave shape so that fuel in-
jected from an injector is mixed with air, the combus-
tion chamber comprising: 10

a pip protruding from a center of a lower surface

of the bowl toward the injector;

a lip part protruding from a side surface of the
bowl toward the injector; and 15
amain combustion chamber provided on alower
portion of the lip part and a sub combustion
chamber provided on an upper portion of the lip

part with the lip part interposed therebetween,
wherein a surface of the sub combustion cham- 20
ber is formed to have aflat shape, so that a high-

est surface of the sub combustion chamber and
alowest surface of the sub combustion chamber

are equal to each other.
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FIG. 5A
Case Th(thickness) | Normalized NOx(g/kwh)

1 1.4 mm 1.3

2 1.2 mm 1.1

3 1.0 mm 1

4 0.8 mm 0.96

5 0.5 mm 0.94

6 0.2 mm 0.91

7 0 0.91
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FIG. 5B
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